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DIETARY ADHERENCE TO WHOLE GRAIN AND REFINED GRAIN RICH 
DIETS IN A RANDOMIZED CONTROLLED TRIAL 
JOEL PALLADINO 
ABSTRACT 
 
Dietary adherence is the degree to which participants follow prescribed dietary 
protocol. Without measuring adherence, it is not possible to validly measure the effect of 
the intervention.  Assessing adherence allows the investigator to better determine whether 
the results are due to the diet itself. The overall goal of the analyses presented in this 
thesis was to assess if dietary adherence was higher on a whole grain versus refined grain 
provided food protocol with specific prescription for calorie consumption. 
Eighty-two men and women between the ages of 40-65 were assigned to either a 
refined or whole grain feeding protocol, using a 3-day rotating menu for 6 weeks.  Daily 
food logs were used to assess adherence to the prescribed diets and calculate total energy 
consumed and macronutrient content.  
The first objective was to determine the caloric and macronutrient content of the 
assigned diets, and to compare whether the reported nutrient content was the same as the 
provided nutrient content.  Overall, the median whole grain group consumption was 45.0 
kcal per day more than they were assigned to, and the median refined grain group 
consumption was 10.5 kcal per day less than assignment.  The refined grain diet’s 
macronutrient composition was 52.1% carbohydrate, 19.9% protein, and 28.1% fat, 
whereas the whole grain group’s macronutrient composition was 54.4% carbohydrate, 
18.0% protein, and 27.6% fat.  Both diets were within the average daily macronutrient 
	  	   v 
recommendations of 50-55% carbohydrate, 15-20% protein, and 25-30% fat. There was a 
statistically significant difference in the percentage of carbohydrate and protein between 
groups. 
The second objective was to determine if two different diets had any effect on 
deviation from the protocol.  Overall, there was an 8.9 kcal/day difference in deviation 
between the two groups throughout the study. When stratifying by diet level, there was 
no consistent pattern of deviations from the assigned protocol. On the 2000 kcal diet, 
those in the refined grain group consumed 184.5 kcals/day more than those in the whole 
grain group. In contrast on the 2500 kcal diet, the whole grain group consumed 105.0 
kcal/day more than the refined grain group, while on the 3000 kcal/day diet, those in the 
refined grain group consumed slightly more kcals/day on average (12.5kcal/day) than the 
whole grain group.  
The study found no consistent difference in caloric consumption between the 
whole and refined grain groups, as well as no consistent difference in deviations from the 
assigned diet protocol. These results imply that dietary adherence can be achieved in a 
provided food whole grains study. 
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INTRODUCTION 
 
Dietary Adherence  
 Adherence is defined as “the degree to which a patient’s behaviors 
coincide with the recommendations of healthcare providers” and in a scientific study, it is 
the degree to which the subject adheres to the assigned study protocol. Without a measure 
of adherence how does one know if the estimated effect is due to the intervention itself? 
Poor adherence may mask the actual effect of the intervention being tested.1 Although 
many measures of adherence have been studied, whether it be food records or the 
measure of a biomarker through serum, there is no gold standard for measuring 
adherence1-3  or what constitutes adequate or poor levels of adherence.1  
When a feeding study is carried out, there has to be a way to measure if the person 
is consuming the provided food. Having participants stay in the clinic for the whole study 
is expensive, thus necessitating self-reports of the intervention, in this case dietary 
records. Self-reports are cost efficient, easy to follow, and direct, but they rely on 
memory, tend to underestimate or lead to intentional misreporting to give the appearance 
of adherence. Biomarkers, which are a measured substance from an organism that may 
indicate the presence of state or condition, are not always indicative of what is being 
measured. Plasma Alkylresorcinols have a correlation with whole grain and fiber intake, 
but are not a direct indicator of whole grain consumption.4 With there being no gold 
standard, it is suggested that multiple measures are used to assess adherences, ie. self-
	   2	  
report data and a measure of a biomarker associated with the outcome, in this case plasma 
alkylresorcinols.5-6 There is also no measurement to validate adherence against. 7-8  
  
Adherence Difficulties in Research 
 Adherence may be difficult for many reasons, but it is thought the three most 
difficult instances are in which a behavior has to be altered, when non-adherence does not 
have extreme consequences (ie RCT for cancer treatment versus calcium study), and 
when the motivation for the study is financial gain. Age and gender do not consistently 
affect adherence.9-12 With these issues there are many reasons why non-adherence is 
common, ranging from lack of determination 13  or support or motivation 14.  Participants 
could also misinterpret or forget the instructions that are provided, simply just ignore the 
protocol that they are to follow, or join just for financial gain from the study. 15 A 
participant’s uncertainty or lack of knowledge about an intervention may increase the 
drop out rates in a trial due to inability to adhere to protocol requirements.16 
Food has certain social, cultural, and religious meanings that may be hard to 
overcome when adhering to a protocol. Social change in most cases is slow, and may act 
as a barrier to the person to overcome. Due to this issue dietary adherence will be harder 
to follow than other types of interventions, such as taking a vitamin supplement daily.  
Along with social change there are perceptions that may hinder adherence. The 
perceptions they may form can be their own or from outside sources, such as social 
media, pop culture, or the news.2 These perceptions may cause judgment of the diet and 
lead to food added or subtracted. In clinical trials participants may give the healthy 
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response and “adhere” to everything they are prescribed to.17 Suggestions to improve 
dietary adherence, prevent perceptions, and giving healthy responses include education 
provided to the individuals, this education will convey the importance that adherence has 
in regards to the research.2  Education combined with motivation is key for optimum 
adherence.  In the end, multiple methods for measuring adherence should be used rather 
than less to capture the true consumption of the participants.9,13,18-22 
 
Whole Grains 
Whole grains or foods containing whole grains contain the entire grain seed and 
the naturally occurring nutrients of that grain seed.  Americans should be consuming 6 
servings of grains per day of which half of these sources should be whole grains. Less 
than 10% of the population meets the recommendation by the USDA. The main sources 
of whole grains come from whole grain breads and breakfast cereals. Consumption of 
whole grains is linked to a high socioeconomic status.23 Whole grains provide dietary 
fiber, resistant starch, minerals, and vitamins that are missing in refined grains.24 Most of 
these nutrients are found in the bran and the germ, which are removed when grains are 
refined.22,25  Fiber, resistant starch, and the vitamins and minerals have the ability to be 
beneficial in regards to weight, glucose homeostasis, and body composition.26-27   
Whole grain diets have been shown to decrease cardiovascular diseases, type 2 
diabetes, cancers, and all-cause mortality.24,28 There has been an inverse relationship 
between whole grains and cardiovascular diseases in epidemiological studies.23 The 
reduced risk of cardiovascular diseases is thought to be due to the fiber content of whole 
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grains compared with refined grains. 30,31 Cross-sectional studies have shown an inverse 
association between whole grains and waist circumference, and cohort studies have 
shown that whole grain consumption reduces obesity risk in individuals.28,31-34  
Previous studies have not shown a significant difference in weight loss with the 
consumption of whole grains vs refined grains.35  The lack of strict dietary control in 
these studies of whole versus refined grain may explain the null results. Therefore studies 
are needed to address this issue. 29,36-37 Katcher at el examined the effect of whole grains 
on weight loss but found only a 1 kg weight loss overall. This low weight loss may have 
been due to the participants in the whole-grain group increasing their caloric intake to 
consume their recommended number of whole-grain servings or to the fact that they ate 
refined grains in addition to the recommended number of whole-grain servings. Thus, 
subjects may be adding whole grains to their diets rather than substituting whole grains 
for refined grains. In fact, many studies have added whole grains rather than substituting 
whole grains for refined grain sources.36,38  As a result, a carefully controlled 
interventions was needed to prevent this from occurring.  
Without assessing compliance, it is difficult to assess the internal validity of a 
study.  Looking at adherence is insightful in regards to this study because of the design.  
Most whole grain feeding studies have participants add whole grains into their diet, 
instead of having them on a strict provided food controlled diet. The study aims to 
determine whether the previous mentioned issues arise when all food is provided or 
whether providing foods is a better design for a whole grain diet study. 
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Study Objectives 
The overall goal of this thesis is to assess dietary adherence to a provided food 
protocol consisting of whole grains or refined grains. Specifically, I calculated calorie 
and nutrient content of provided food regimens, and compared actual intakes with the 
prescribed intakes by adjusting total intake for provided foods not consumed and foods 
that were consumed in addition to what was provided. I compared the caloric and nutrient 
intake of the provided food regimen with actual consumption. Further, I evaluated 
whether the diet randomization arm had an effect on deviation from protocol.  I 
hypothesized that the refined grain group would not adhere as tightly to the protocol as 
the whole grain group due to the lower fiber content of the refined grain diet.  
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METHODS 
 
Subjects and Recruitment  
The goal of the parent study for these analyses was to determine if healthy adults 
consuming diets rich in whole grains vs. diets rich in refined grains have improved 
markers of immune, digestive, and cardiovascular health, energy metabolism, and body 
composition. For that study, 103 generally healthy men and postmenopausal women, ages 
40 to 65 years, were enrolled and 82 completed the trial. Participants were included who 
had a body mass index (BMI) between 20 kg/m2 and 35 kg/m2. Exclusion criteria 
included the following: smoking or using nicotine containing products over the past 6 
months, weight change greater than 4 kg or participation in a weight loss program during 
the past 3 months, weight loss surgery, medication interfering with energy metabolism, 
not willing to discontinue dietary supplementation, and not willing to reduce fiber intake 
prior to enrollment to the national average. The participants were recruited by the Jean 
Mayer Human Nutrition Research Center on Aging at Tufts University and provided 
written consent prior to participation and IRB approval.  
 
Study Design 
 The study was an 8-week randomized controlled, single-blind, clinical trial. 
Throughout the study all food was provided to the participants. They were instructed to 
consume all provided food, and not to consume food from outside sources.  Daily food 
logs were used to track dietary adherence. Food logs were distributed to participants 
when they receive their food.   
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Prior to randomization, all eligible participants were asked to complete a 2-week 
run-in period during which they consumed a 3-day rotating diet, which contained no 
whole grains: the diet was used as a run-in period, as well as a way to determine energy 
requirements in order to ensure that the amount of food provided matched energy 
requirements for weight maintenance.  The run-in period also helped to eliminate anyone 
that might lose motivation or interest in the study prior to randomization, which can help 
to increase adherence to the intervention. Diet was assessed with daily food logs similar 
to the intervention food logs. After two weeks, 92 participants were randomized to either 
a whole grain diet or a refined grain diet for a 40-day period.  
Figure 1. The study design is shown below; 103 participants were eligible for 
enrollment. Of the 103, 92 participants completed the weight maintenance run-in diet and 
were randomized, and 82 completed the intervention after being randomized. 
 
Figure 1.  Study Design   
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Diet Composition 
 After the run in period the participants (n=92) were randomized to either a whole 
grain or refined grain diet for the 6 week intervention stage of the study.  The study 
dietitian assigned participants to one of three calorie levels: 2000 kcal, 2500 kcal, or 3000 
kcal on a 3-day rotating menu diet, based on their weight maintenance energy 
requirements. The diet composition for the two diets was as follows: (a) 70 g of whole 
grains/1000 kcal/day (menu average=83.5 g of whole grains/1000 kcal/day) and 16 g 
fiber/1000kcal/day for the whole grain group and (b) 0 g of whole grains/1000kcal/day 
and 8g fiber/1000kcal/day for the refined grain group. The whole grain diet did contain 
some refined grains in it, whereas the refined grain diet contained no whole grain sources. 
The differentiation in the diets was achieved by replacing refined grain sources with 
similar whole grain sources (i.e. whole grain pasta for refined grain pasta). The 
macronutrient composition goals were the same for both diets, at 50-55% of calories from 
carbohydrate, 15-20% of calories from protein, and 25-30% of calories from fat.  
 
Dietary Assessment  
 Participants are expected to completely adhere to the prescribed diet, and were 
told not to eat any other food besides the food provided. Their daily consumption was 
tracked via daily food log (see figure 2). The participants were trained by the study 
dietitian on how to record the provided food, and how to measure left over portions. The 
record consisted of the foods provided to them, and a checklist in which they reported 
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whether they ate all, some, or none of the food provided. If participants ate any part of the 
items provided they were told to write the portion size next to the checklist.  There was 
also a section for added foods and the portion size of the added foods, if they consumed 
outside food sources.  
 
 Figure 2. Daily Food Log 
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Statistical Analysis 
Analyses were performed using Statistical Analysis Systems (SAS) software, 
version 9.4 (SAS Institute, Cary, NC, USA).  Normality was accessed via the Shapiro-
Wilk test with the cut off for normality being p<.05. When normality was met, t-tests 
were used to compare between groups, if one if not both did not meet it, the Wilcoxon 
test was used for comparison between groups.  Wilcoxon rank sum 2-tailed tests were 
used when comparing between group differences for total calories, weight change, 
change in fiber, percentage of carbohydrates, and difference in calories between the 
2500kcal group (the other groups were analyzed with t-tests). The rest of the tests used a 
2-tailed independent t-test due to the normality of the data, assessed by the Shapiro Wilk 
test. Spearman correlation was used to assess any association between weight change and 
average daily caloric deviation.  A p-value of less than 0.05 was considered statistically 
significant for t-tests and the Wilcoxon rank sum test.   
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RESULTS 
Table 1. Baseline Characteristics 
 Whole Grains Refined Grains  
 N=41 N=41  
 Mean SD Mean SD p-value 
Age (years) 56.7 6.2 54.9 4.9 .148 
BMI (kg/m2) 25.7 3.9 26.0 3.2 .729 
Height (cm) 170.5 9.6 170.8 8.9 .878 
Weight (kg) 74.7 12.4 75.9 11.6 .654 
Weight Change (kg) -0.1 1.7 -0.4 1.9 .593 
Female n [%] 17 [41.5]  16 [39.0]   
 
 Forty-one participants per grain group completed the study. The whole grain 
group was 41.5% female (n=17), with an average age of 56.7 years (SD=6.2 years). The 
refined grain group was 39.0% female (n=16), and was on average 1.8 years younger at 
54.9 years (sd=4.9 years). There was no significant difference between the two groups in 
regard to age (p=.15). The whole grain group had a mean height of 170.5 cm and mean 
weight of 74.7 kg, and a BMI of 25.7kg/m2 compared with the refined grain group which 
had a mean height of 170.8 cm, mean weight of 75.9kg, and a BMI of 26.5 kg/m2.  There 
was no difference between the two groups as far as BMI (p=.73), height (p=.88), and 
weight (p=.65). Throughout the 40 days of the intervention there was no statistically 
significant difference in weight change between the groups. The whole grain group lost 
0.1kg compared to 0.4kg for the refined grain group (p=.59). 
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Table 2. Diet Composition 
Diet Profile 
 Whole Grains Refined Grains  
 N=41 N=41  
 Mean  SD Mean  SD p-value 
Carbohydrate (%) 54.4 1.6 52.1 1.7 0.0001 
Protein (%) 18.0 0.9 19.9 1.1 0.0001 
Fat (%) 27.6 1.5 28.1 1.2 0.13 
Fiber 
(g/1000kcal/d) 
15.7 1.3 8.2 1.1 0.0001 
Fiber (g/d) 39.9 4.8 20.7 3.5 0.0001 
Whole Grains (g)/ 
1000kcal/d 
81.1 9.7 0 0 0.0001 
 
The average percentage of calories from each macronutrient was determined from 
daily dietary logs. Both groups were within the prescribed ranges for dietary percentages 
for each macronutrient. The whole grain group on average consumed 54.4% (sd=1.6) of 
calories from carbohydrate, 18.0% (sd =0.9) of calories from protein, and 27.6% (sd=1.5) 
of calories from fat. The refined grain group consumed 52.1% (sd=1.7) of calories from 
carbohydrate, 19.9% (sd=1.1) of calories from protein, and 28.1% (sd=1.2) of calories 
from fat. The percentage of calories from fat was similar in both groups, with the refined 
group consuming 0.5% more calories from fat (p-value=0.13). There was a statistically 
significant difference in percentage of calories from carbohydrates and from protein 
between the groups. The whole grain group consumed 2.3% more calories from 
carbohydrate (p-value= 0.0001), whereas the refined grain group consumed 1.9% more 
calories from protein (p-value= 0.0001). The fiber intake was different between the 
groups, with the refined grain group consuming 19.2 g/d less than the whole grain group, 
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(p-value =0.0001). Actual fiber consumption was similar to assignment of 
8g/1000kcal/day at 8.2 g/1000kcal/day for the refined grain group and the assignment of 
16g/1000kcal/day at 15.7 g/1000kcal/day for the whole grain group.  The whole grain 
group on average consumed 81.1g of whole grains per 1000kcal daily, compared to 0g of 
whole grains per 1000kcal daily for those in the refined grain group. 
Table 3.   Adherence to the Diet Prescription 
 Whole Grain Refined Grain 
 Mean SD Median Range Mean SD Median Range 
Difference in 
Calories # 
(kcal/day) 
17.6 231.8 45 -506, 476 26.5 268.0 -10.5 -450, 835 
Difference in 
Fiber (g/day) 
-0.1 6.5 -0.6 -8.4, 6.4 0.5 2.64 0.8 -7.9, 5.4 
 # Calculated as the difference between average daily consumption and the 
prescribed diet 
Both the groups consumed more calories than were assigned. Neither of the 
average daily differences were significantly different from 0 (p=.63) for whole and p=.53 
for refined). There was no significant difference between the two groups as far as 
deviation from assignment (p=.53). The whole grain group consumed 17.6 kcals/day 
more than assigned, compared to the refined grain group who consumed 26.5 kcal/day 
more than the study dietitian assigned them to, an 8.9 kcal/day difference in deviation 
between the two groups. The whole grain group overall consumed 0.1 g less of fiber than 
they were prescribed to, whereas the refined grain group overall consumed 0.5 g of fiber 
per day more than prescribed. There was a significant difference between the two groups 
in regards to fiber deviation from the protocol (p=.01). 
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Figure 3.  Adherence to the Diet Prescription in Whole Grain Group (kcal/day)
  
15 of the 41 of the whole grain participants consumed with-in 100 kcal/day of 
what they were assigned to. The difference ranged from 506kcal/day less than assigned to 
476 kcal/day more.  
Figure 4. Adherence to the Diet Prescription in Refined Grain Group (kcal/day) 
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17 participants in the refined grain group were within 100 kcal/day of their 
assigned daily values. There was a greater spread in the data evidenced by two 
participants eating an excess of 800 kcal/day. 
Figure 5. Combined Calorie Difference of both groups (kcal/day) 
 
 Deviation from energy assignment was not normally distributed. However, the 
right skewed distribution of the refined grains group was due to two extreme outliers who 
consumed 800 kcals/day more than their assigned diet. The distribution of intake in the 
whole grains group was slightly left skewed. 
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Table 4. Difference in Prescribed vs. Actual Calorie Consumption, Stratifying by 
Calorie Assignment Level 
Whole Grains Refined Grains 
Diet 
Assignment N Mean SD 
Med-
ian Range N Mean SD 
Med-
ian Range 
p-
value 
2000 kcal 6 82.3 155.4 74.5 -154, 269 6 275.5 320.5 259.0 -98, 835 0.213 
2500 kcal 25 22.0 228.8 45.0 -506, 476 27 -38.9 264.9 -60.0 -450, 831 0.144 
3000 kcal 10 -32.1 283.0 46.5 -482, 384 8 60.3 74.6 59.0 -48, 149 0.344 	  	  
The deviation from protocol was not different between groups overall. 
Stratification into the three-calorie levels for each diet was performed and differences in 
calorie intake between the groups at all three levels were compared. The whole grain 
group at 2000 kcal level consumed 2082.3 kcal/day, which was 82.3 kcal/day more than 
assignment. The median diet deviation, from 2000 kcal in the whole grain group, was 
74.5 kcal/day. In comparison, the refined grain group ate 193.2 kcal/day (p=0.21) more 
on average than the whole grain group (median difference of 184.5 kcal/day). In the 2500 
kcal group assignment, the whole grain group consumed on average 22.0 kcal/day more 
than they were assigned, compared with the refined grain group who consumed an 
average of 38.9 kcal/day less than assigned. The median deviation for both groups was 
within 25 kcal/day of the mean. There was no significant difference between the two 
2500 kcal groups (p=.144). The 3000 kcal group had no significant difference between 
groups in regards to deviation from the protocol. (p=.344). The whole grain group 
consumed 32.1 kcal/day less than protocol, whereas the refined grain group consumed 
60.3 kcal /day more than protocol. 
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Figure 6.  Energy Intake and Weight Change in participants in the Refined Grains 
group. 
  
Figure 7. Energy Intake and Weight Change in participants in the Whole Grains 
group. 
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Figure 8.  Combined Effects of Energy Intake on Weight  
 
The deviation from prescribed calories versus weight change for the refined 
grains group is shown in Figure 6 and whole Grains group in Figure 7. There was no 
statistically significant correlation between the whole grain group’s average daily calorie 
difference and weight change (r=.001 p=.99) or when combining the whole and refined 
grain participants (r=.16 p=.14). However, there was a modest correlation (r=.36 p=.02) 
between the refined grain group’s average daily caloric difference and weight change 
throughout the study.  The whole grain group lost 0.1kg (median of 0.71 kg weight loss) 
compared to 0.4kg for the refined grain group (median of 0.28 kg weight gain). 
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DISCUSSION 
The study provided all foods to be consumed as part of a whole grain versus 
refined grains protocol. I evaluated whether there were any systematic differences in 
dietary adherence associated with group assignment in this study. Overall, there was no 
difference between groups in calorie intakes and no difference in caloric deviation from 
the prescribed diets. Both the refined and whole grain groups adhered to their dietary 
assignments.   
There was no difference in caloric compliance between the grain groups. This 
lack of difference may be explained by the fiber intake in the two groups. The generally 
good dietary adherence levels in this study may be due to increases in fiber intake in both 
groups. Dietary fiber, regardless of type, has been associated with post meal satiety and 
decreases subsequent hunger postmeal.22 The mechanisms that fiber increases satiety is 
through hormonal and metabolic effects: reduced insulin secretion, increased fat 
oxidation, and decreased fat storage. Insoluble fiber increases transit time and fecal 
bulking in the digestive tract, leading to feeling satiated.25 The whole grain group ate on 
average 39.9 g/day of fiber, over two times greater than the national average, and 10g 
higher than the average requirements for American adults.24 The refined grain group on 
average consumed 20.7 g of fiber per day. Although, this is lower than the daily 
recommendation, 20.7 g is still higher than the national average, which may have resulted 
in improved adherence to the protocol in both groups. 24 
 Overall there was no caloric difference in adherence to the prescribed diet for 
various calorie levels between the groups. As mentioned above, the actual fiber intakes 
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were greater than the national average, regardless of calorie level.24 The 2000 kcal group 
has the lowest fiber assignment at 16g/day. This group saw the greatest deviation from 
the protocol, which may have been due to the lower fiber assignment/intake.  
 There was no difference in whole grain consumption from the prescribed diet. 
Given the amount of whole grains being consumed by the whole grain group, a slight 
difference in consumption is not worrisome. It is recommended that Americans eat 3-5 
servings (16 g each) of whole grains per day24 for a total of 48 g to 80 g per day. The 
participants in the whole grain group consumed 81.1g of whole grains/1000 kcal/day and 
on average 207.3 g of whole grains per day, a 2.5 to 4-fold higher intake than current 
recommendations. This generally good dietary adherence in this study suggest that it is 
feasible for Americans to eat the recommended 3-5 servings of whole grains per day.36 
One major limitation of this study is the amount of fiber that each group received.  
The refined group received 20.7 g/day on average, which is higher than the national 
average of 15 g/day, and close to the recommended dietary allowance. It is likely that 
most of the individuals, had a lower intake of fiber prior to participating in the study, and 
the relative increases in both groups may have improved satiety. 22,25 This could explain 
the similar energy intakes between the refined and whole grain groups.  It would be 
insightful to have the refined grain group consume fiber close to the national average, and 
the whole grain group to consume the recommended dietary allowance. In doing so we 
can see the effect of the recommendation and assess whether it has a benefit in 
comparison to what Americans are eating. A limitation is that self reports were used to 
measure adherence and no verification using objective biomarkers of dietary fiber intake 
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such as plasma alkylresorcinols were used, 4 as a way to access dietary adherence. It is 
suggested that multiple methods for measuring adherence is the best approach. 9,13,18-22 By 
using the combination of the two, it will better capture the actual adherence of the 
participants in the study. 
 The adherence as whole had no significant difference from the protocol, although 
some participants did deviate greatly from the protocol, implying that not everyone will 
adhere. The adherence across the groups could be primarily due to the effects of fiber, 
and the relative increases in dietary fiber compared with pre-study intakes. This study 
suggests that it is feasible to replace refined grains with whole grains in future studies. 
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